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Mountain pine beetle (MPB; Dendroctonus 
ponderosae) outbreaks are killing many 
trees. Outbreaks are made worse by 
climate change and drought.  
 
Questions: 
 
•What is the spatial pattern of MPB 
attacks during an outbreak? 
 
•Does growth rate affect 
susceptibility to attack? 
 
•Is there a genetic basis for 
susceptibility to attack? 
INTRODUCTION 
Results of a logistic regression model with attack 
status (0=unattacked/ 1=attacked) as the response 
variable. Based on 1756 trees from 125 families; 
there are at least 12 trees in each family. 
MPB caused 36% mortality. 
Attacked trees occurred in clusters.  
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• Likelihood of attack may vary with 
genetic source, but growth rate and 
spatial patterns are also important. 
 
• Medium sized trees are most likely to be 
attacked. 
 
• Some families are more or less likely to 
be attacked than others. 
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statistical analysis. 
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Mountain pine beetle attacks in the trial up to 2012. Red 
dots are attacked trees, green are unattacked trees.  
We used a ponderosa pine genetic trial at Lubrecht 
Experimental Forest in northwestern Montana. 
 
•204 distinct genetic families planted in 1974 
•Groups of four trees per family planted in five different 
blocks (20 trees per family = 4080 trees) 
•Height and diameter at breast height (DBH) measured 
in 2001 for all surviving trees 
•2480 of the original trees remained in 2013  
•The trial was attacked by MPB in the mid 2000s  
 
In July 2013, we recorded whether each tree had been 
attacked by bark beetles. We used pitch tubes to 
identify attacks. 
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Spatial statistics will be used to further 
control for the spatial pattern. Trees in 
families that are attacked most and least 
will be cored to see how they defend 
themselves. 
Attack status of trees based on the number of eight 
nearest neighbors attacked. 
# Neighbors 
 attacked 
# Trees Proportion 
 attacked 
 0 735 0.063 
1 464 0.291 
2 487 0.427 
3 383 0.559 
4 231 0.701 
5+ 180 0.711 
• There is a spatial pattern of attack that 
must be controlled for in studies. 
 
• Susceptibility to attack may have a 
genetic component.  
 
Term Df Deviance P-value 
Block 4 58 <.00001 
8NN attacked 1 359.4 <.00001 
DBH 1 179.6 <.00001 
DBH2 1 45.6 <.00001 
Height 1 22.2 <.00001 
Family 124 150.1 0.0553 
The genetic trial. 
There is moderate evidence of 
genetic variation in susceptibility to 
attack. Attack is also influenced by: 
 
•Location (block) within the stand 
•Number of neighbors attacked 
•Diameter 
•Height 
Medium sized trees were most 
susceptible to attack.  
Loess smooth of attack status (unattacked/ 
attacked) vs. DBH based on 2480 trees (893 
attacked).  
Examining a tree for signs of beetle attack. 
Probability of attack increased with 
the number of attacked neighbors. 
Attacked trees 
have pitch 
tubes. 
Unattacked 
trees have no 
pitch tubes. 
